The pattern of ldye dilution curves and the cardiac output was studied in 29 
T HE study of the physiology of the cardiovascular system in newborn infants has been limited because of the technical difficulties encountered in trying to apply methods used in adults. The dye dilution method of Hamiltoni, 2, 3 4 as modified by Wood and his associates5' 6 seemed to be a relatively simple approach to the study of these problems. We have used this method to study the pattern of dye dilution curves and to determine the cardiac output of infants during the first two days of life. We believe that the results obtained from the study of the contour of dye dilution curves and the relationship of the various components of these curves also give information that may be of help in detecting the persistence of one or more fetal channels during the early neonatal period.
iMATERIAL Twenty nine healthy newborn infants, age 2 to 26 hours, were included in the study. Each infant was studied asleep with its head and chest placed under an "oxyhoodl" into which oxygen was delivered at a flow of 7 catheter by means of a syringe which had been calibrated to deliver without flushing. The umbilical vein was chosen for injection because peripheral injection through a needle is difficult in newborn infants and cannot be done under the ideal basal conditions of sleep. Immediately before the actual injection of dye blood was aspirated through the catheter to make certain that the catheter tip was in a position where blood was circulating freely. It was soon realized, however, that the anatomical position of the catheter tip and therefore of the injection site varied in different infants. In some instances the catheter could be advanced without meeting resistance, but in others obstruction was quickly met and it was necessary to maneuver the tip to get a free flow of blood. This variability in the position of the catheter is well shown on films of the abdomen of two newborn infants with radio-opaque catheters introduced through the umbilical vein (figs. 1 and 2). The significance of this will be discussed later.
Cardiac output was determined by a modification of the method described by Nicholson 
RESULTS
The most remarkable finding was the lack of uniformity of contour of the dye dilution curves obtained in the group of 29 healthy infants during the first 26 hours of life. Since all infants were studied under the same basal conditions, this variation in the curves must have been related to changing circulatory patterns during the first few hours of life. Upon plotting these curves on semilogarithmic paper it becomes obvious that there are three general types of dye dilution curves in the newborn, (1) normal, (2) left-to-right shunt, and (3) Most likely they are due to some fetal channel not yet closed, particularly since the incidence of these curves diminishes ill infants older than 15 hours. It is generally thought that with the onset of breathing pulmonary resistance decreases, thereby permitting a larger amount of blood to reach the lungs. The increased amount of blood which returns from the lungs raises the left atrial pressure and thereby closes the valve guarding the foramen ovale. The foramen ovale theii remains physiologically closed, allatomical closure following later. The mechanism of closure of both the ductus arteriosus and ductus venosus is incompletely understood. The exact time of physiological closure of any of the fetal pathways has not been proven ill the human newborn, although a great deal of ilnformation has been gained from the work of Barclay, Barcroft and others who studied the closure of these channels in animals, particularly ill lambs (15, 16) . Their findings are, however, not necessarily applicable to the human infant.
The effect of the persistence of any of the three fetal channels, foramen ovale, ductus arteriosus, or ductus venosus, upon the size or shape of the dye dilution curve can best be discussed by considering separately each type of curve found in this group of newborn infants. Curves with normal contour are of rather large size and in three of these curves the appearance times seem excessively short: 1.5, 1.6, and 2.3 seconds. The reason for this is not easily explained. It is conceivable that in these three infants the circulation rate was very fast, due to a rapid heart rate, thus causing the injected dye to appear at the ear oximeter site more rapidly. Evidence for this is not available since heart rates were not recorded simultaneously with the dye injections. Another possible explanation for the very short appearance time is that T-1824 was injected through a patent ductus venosus, reaching the inferior vena cava directly instead of having to pass through the capillary bed of the liver before reaching the right atrium. An attempt to determine the patency of the ductus venosus was made by introducing a radio-opaque catheter through the umbilical vein and taking x-ray pictures in two infants.
In one infant the catheter passed into a mesenteric vein and in the other it was located in the liver, but the ductus venosus was not entered. This study, therefore, offers no positive evidence that the ductus venosus does not close immediately after birth, although it does not exclude that possibility. The 
